Primary Sjögren syndrome (pSS) is a chronic systemic autoimmune disease characterized by xerophthalmia, xerostomia, and potential peripheral or central neurological involvement. In pSS, the prevalence of cognitive disorders is generally sparse across literature and the impact of pain on cognitive profile is unclear. The aim of this study was to determine the relation between pain, cognitive complaint, and impairment in a very homogenous population of 10 pSS patients with painful small fiber neuropathy (PSFN) and spontaneous cognitive complaint. Neurological exam, neuropsychological assessment, clinical evaluation measuring pain level, fatigue, anxiety, depression, and cognitive complaint were performed. Our results showed that 100% of patients had cognitive dysfunction especially in executive domain (80%). The most sensitive test was the Wisconsin Card Sorting Test (WCST), abnormal in 70% of our population. Moreover, we found clear cut significant correlations between pain levels and 3 measures of WCST: the number of errors (R = -0.768, P = .0062), perseverations (R = 0.831, P = .0042), and categories (R = 0.705, P = .02). In the literature review, the impact of pain is underexplored and results could be discordant. In a homogeneous cohort of pSS patients with PSFN, a cognitive complaint seems to be a valid reflection of cognitive dysfunction marked by a specific executive profile found with the WCST. In this preliminary study, this profile is linked to the level of pain and highlights that an appropriate management of pain control and a cognitive readaptation in patients could improve the quality of life. 
Introduction
Primary Sjögren syndrome (pSS) is a chronic systemic autoimmune disease characterized by glandular involvement as xerophthalmia, xerostomia, cutaneous xerosis, and potential extra-glandular manifestations. Among them, the neurological involvement is one of the most frequent occurring in around 20% of cases. [1] [2] [3] The peripheral neurological involvement is well characterized and includes 3 groups of neuropathies: ataxic, sensorimotor, or painful. One of the most frequent pSSperipheral neuropathy is the painful small fiber neuropathy (PSFN) that might concern up to 10% of pSS patients. [4] Regarding cognition, the prevalence of impairment is not uniform and varies across studies from 11% to 100%. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] This finding could be due to a heterogeneous population recruitment. Usually, pSS patients report abnormal concentration abilities relating difficulties to follow a conversation, to find the proper words, to finish what they are doing or to forget what they are looking for. [18] The observed cognitive profile is characteristic of a fronto-subcortical alteration with memory, attention, and executive disorders. [7, 9, 16, 17, 19] Similar cognitive deficits can be observed in chronic pain [20, 21] ; however, little is known about the potential synergic impact of pain associated with pSS.
Previous works have studied heterogeneous groups of patients either with pSS and/or pain. Our objective was first to determine the relation between pain level, cognitive complaints, and impairment in a homogenous cohort of pSS with PSFN, and second to carry out an exhaustive review of cognitive dysfunction in PSS.
Methods
The key element of the study design is the inclusion of a very homogenous group of PSFN with cognitive complaint in order to evaluate their cognitive performances.
Study subjects
We previously set up a study assessing the prevalence and the features of pSS-associated PSFN. [4] This study was approved by the Ile de France VI (Pitié-Salpétrière University Hospital) Ethical committee on March 25, 2009 , and each patient gave a written informed consent prior to investigation. In this study, clinical data including neurological exams and cognitive measures were prospectively recorded. For the current study, we performed extensive and specific investigations in a homogenous group of patients with a PSFN reporting cognitive complaint. Between October 2012 and January 2014, 12 patients fulfilling 2002-American-European Criteria Group for pSS and followed in the Department of Internal Medicine of Lariboisiere Hospital were included. The inclusion criteria were: (1) the presence of spontaneous cognitive complaint, (2) the presence of definite PSFN with at least 2 of the 3 PSFN criteria: (i) clinical signs and symptoms of small fiber impairment, with distribution consistent with peripheral neuropathy (length or nonlength dependent neuropathy); (ii) alteration of small fiber neurophysiological investigation (laser evoked potentials; quantitative sensory testing; sympathetic skin reflex recording); (iii) reduced intraepidermal nerve fiber density by skin biopsy. [22] All patients with other neurological disorders or psychiatric diseases according to usual criteria were excluded. [23] 
Assessment procedure
To investigate how pain might impact cognitive functions in pSS, we performed neuropsychometric battery, health clinical questionnaires, and neurological examination in all eligible patients.
Clinical evaluation
Taking account the cognitive complaints, all patients had a neurological examination at the Cognitive Neurology Center of Saint-Louis Lariboisière Fernand-Widal Hospital to evaluate neurological symptoms, to exclude other neurological diseases and to record all potential other causes of cognitive complaint and impairment. The day of the cognitive assessment, health clinical questionnaires were administrated to evaluate pain, fatigue, depression, anxiety, and cognitive symptoms. Levels of pain and fatigue were measured by visual analog scales (VAS) scoring from 0 to 10 (0: no pain/fatigue, 10: extreme pain/ fatigue). Next, other measures were recorded with 2 autoquestionnaires: 1/ Hospital Anxiety and Depression Scale (HADS) to evaluate levels of anxiety and depression (a score equal to or above 11 was considered as significant scores of depression or anxiety), [24] 2/Mac Nair autoquestionnaire to estimate the intensity of cognitive complaint (a cut off score above 15 is reflecting a high cognitive complaint). [25] Brain and spinal cord MRI were performed in all included patients.
Neuropsychological evaluation
One month after the neurological examination, all patients were administered a complete neuropsychometric battery lasting approximately 2 hours. Each following cognitive domain was evaluated: 1/ global functioning: Mini Mental State Examination (MMSE), [26] 2/ memory: Free and Cued Selective Reminded Test (FCSRT), [27] 10/36 test, [28] and recall of Rey Osterrieth Complex Figure (ROCF), [29] 3/ attention/concentration: d2 test, [30] Trail Making Test (TMT) part A, [31] digit span, [32] spatial span, [33] Stroop Test denomination and reading part, [31] 4/ speed processing: Symbol digit modalities test (SDMT), [34] 5/ executive functions/working memory: Letter-Number sequencing, [33] phonemic fluency, [35] TMT part B, [31] Stroop test interference part, [31] Similarities, [32] and Wisconsin Card Sorting Test (WCST), [31] 6/ instrumental functions: DO-80, [36] categorical fluency, [35] Mahieux battery, [37] ROCF [29] and 3 subtests of Visual Object and Spatial Perception (VOSP) [38] such as Screening, Silhouettes, Number Location. All scores were statistically processed in z-scores to classify each neuropsychological performance using demographically corrected norms for each test (with regards to age and educational level). We defined a cognitive disorder when a subject obtained a score below À1.65 SD from average norms based on current French practice.
[39]
Statistical analysis
The percentages of pathological results in all explored cognitive domains were calculated. We then analyzed the correlation between VAS pain and the various cognitive tests using nonparametric Spearman's rank correlations. P-values were 2-tailed and values 0.05 were considered as statistically significant. Analyses were performed using SAS 9.2 (SAS Institute, Cary, NC).
Literature review
We searched the National Library of Medicine's MEDLINE database (Bethesda, MD) for relevant literature using the keywords "Sjögren," "Gougerot," "Gougerot Sjögren," "cognition," "cognitive dysfunction," "cognitive impairment," and "cognitive decline." We have selected papers in which neuropsychological evaluation was performed. The bibliographies of all selected articles were reviewed. Together, at our knowledge, 20 articles published between 1985 and 2016 in the international literature were included in this review.
Results

Description of the study group
A total of 12 patients were consecutively included. Two patients were excluded because of pre-existing dementia due to other pathologia. All 10 included patients fulfilled the 2002-AECG criteria for PSS. Thus, all patients with negative anti-SSA and SSB antibodies (7 patients out of 10) had a positive lip biopsy with a focus score ≥1.
All medical demographic data are summarized in Table 1 . Regarding health clinical questionnaires, 87.5% had a significant cognitive complaint on the McNair scale, the mean duration of complaint was 21.5 ± 17 months. Respectively, 30% and 20% of patients had significant scores of anxiety (mean: 8.80 ± 6.01) and depression (mean: 6.20 ± 4.31) on HADS. Mean pain quotation was 3.08 ± 2.23 and fatigue 3.96 ± 2.49. All patients were treated by 1 or several treatments that could impact cognition. [40, 41] No significant abnormalities were found on brain and spinal cord MRI.
Neuropsychological profiles (descriptive analysis)
All subject performances are summarized in Table 2 . According to our definition, all patients display a normal MMSE (mean MMSE: 28.4 ± 1.17) with a mild cognitive disturbance in several neuropsychological tests: 80% of patients had an executive impairment, 50% had a memory disorder especially on visuo-
Medicine spatial memory tests, 30% of patients displayed attentional deficits and 20% had visuo-spatial processing disorders. No significant reduction of speed processing was found. The executive domain was the most affected domain in our population and the most sensitive was the WCST. 70% of patients have pathological performances using the WCST, 30% with Stroop test and 10% with the phonemic fluency. Performances on TMT-B, Letter-Number sequencing, and Similarities were normal in all patients. Finally, 10% of patients had praxic programmation disorders and language difficulties, but these findings seem to be linked to an executive disorder of planification or word finding retrieval. Our results were consistent with a fronto-sub-cortical profile associated with memory and visuo-spatial deficits. Figure 1 shows significant correlations between chronic pain and cognitive functioning. The findings reveal that the pain level is correlated with the 3 measures of WCST executive test. We observed a positive correlation with the number of errors and perseverations of this test and a negative correlation with the number of categories found by subject. It means that, in a test of ranking cards where the subject needs to find strategies of classification, the magnitude of the chronic pain has a positive significant correlation with the number of errors and perseverations and negative significant association with the correct category of classification. Hence, the majority of pSS patients with PSFN had difficulties to maintain a complex activity and shifted quickly between strategies depending upon exterior feedbacks. The other health clinical questionnaires showed a positive correlation between the levels of pain and anxiety and between anxiety and depression (Fig. 2) . There was no correlation between pain and fatigue nor between levels of complaint and all other health clinical measures as well as between executive tests and cognitive complaints.
Health clinical scales and cognition correlations
Discussion and literature review
The 10 patients that fulfilled both pSS and PSFN criteria with cognitive complaints have a typical Mild Cognitive Impairment (MCI). [42] A specific cognitive profile of impairment with the 3 measures of WCST was detected, concerning the capacity of abstraction to find adaptative strategies to a given situation, and the ability to maintain a complex thought in memory and to adapt themselves to external feedback. Furthermore, we found a significant and positive correlation between the intensity of pain and the performance of executive functions. With regard to literature review, 20 articles explored pSS cognition between 1985 and 2016, 17 focused on mild cognitive impairment, and 3 studied dementia in pSS. The main goals of these studies were (1) to explore general neurological complications, [5] [6] [7] 11] (2) to study the relation between brain imaging and cognitive impairment, [8, 12, [15] [16] [17] 43] (3) to assess the impact of clinical features on cognition, [9, 18, 44] (4) to follow the evolution of cognitive disorders, [45] (5) to describe a study case, [14] (6) to analyze the difference between lupus and pSS, [10] and (7) to adapt a test of cognitive complaint for pSS. [13] Overall, 473 pSS patients were explored and a fronto-sub-cortical alteration with attentional, executive, memory and visuo-spatial disorders was described. However, the prevalence of the cognitive impairment was highly variable in the studies probably due to heterogeneity of patient populations and to analytical factors. On the one hand, patient selection was based on pSS criteria including patients with variable extraglandular manifestations associated or not with cognitive disorders and on the other hand, analytical strategies were variable: 11 studies carried out group analyses compared to control groups, [8] [9] [10] 12, 13, 15, 16, 18, [43] [44] [45] 12 studies compared patient's performances to normative data, [5] [6] [7] [8] [9] [10] [11] [12] [15] [16] [17] 43] whereas 6 reports gave a specific cut-off to define a cognitive impairment. [6, 9, 10, 12, 15, 43] Pain is a major clinical symptom of pSS; however, with only 3 studies, the impact of pain on cognition seems underexplored [9, 12, 13] comparatively to depression (12 studies) [6] [7] [8] [9] [10] 12, 13, 16, 18, [43] [44] [45] and fatigue (8 studies). [8] [9] [10] 12, 13, 18, 44, 45] In these 3 studies on pain, Segal et al found discordant results. First, in 2010, the findings did not show any impact of pain on cognitive performance [12] whereas in 2012 and 2014, the new results revealed some involvement of cognitive profiles. In 2014, this author found differences in pain levels according to the intensity of the cognitive complaints [13] and, in 2012, a significant correlation between pain and executive performances particularly with TMT-B and Stroop test in pSS patients was detected. [9] In contrast in our study, we did not find any correlation with these 2 tests, only with WCST, but pSS patients performed normally TMT-B, only 30% had abnormal performances of Stroop test and 70% had pathological scores of WCST. Taken together, these results seem discordant but Segal et al did not carry out an extensive description of neuropsychological results and have compared only pSS patients to a control group. Hence, pathological performances by test were not available. Moreover, patient selection included subjects with various extraglandular manifestation.
In our homogeneous cohort, we used normative data as in daily clinical practice. With a specific cognitive evaluation, we found a very pathological and congruent cognitive profile in all patients. Moreover, our results are in accordance with Verdejo-Garcia et al [46] showing in patients with fibromyalgia a correlation between levels of pain and WCST and with Segal et al [13] who found differences on WCST between pSS groups with low and high cognitive complaints. Patients with higher subjective cognitive complaints had poorer performances of WCST.
Altogether our results showed that the cognitive evaluation of pSS patients with PSFN using the specific test of WCST seems to be crucial to objectify cognitive impairment as other neuropsychological tests exploring executive functions usually performed. These preliminary results underline the fact that the levels of pain and cognitive complaint are key signs of the presence of a cognitive impairment. Moreover, our results highlight that a better evaluation of cognitive complaints in this population could lead to a better management of pain and to the instauration of a cognitive readaptation to improve the quality of life of these patients. Indeed, some studies in this population have shown that a poor quality of life is mostly correlated with major clinical symptoms as pain or fatigue and with cognitive dysfunctions especially of the executive domain. [44, 47] Our study is an original pilot study to understand and objectify the complaint of our painful pSS patients with PSFN. The small number of included patients is a significant limit and we agree that our results should be considered with caution. The potential impact of some treatments (i.e., benzodiazepine, antidepressive drugs, and anti-epileptic drugs) on neuropsychological symptoms should also be highlighted. Furthermore, some selection bias have to be considered: (1) all patients had a PSFN and, as already reported, display a low rate of anti-nuclear antibody reflecting a peculiar pSS subgroup [3, 4, [48] [49] [50] (2) all patients were complaining about their cognitive functions leading to a possible overestimation of the prevalence of cognitive impairment. Consequently, our conclusion need to be drawn with caution and further studies in larger controlled cohorts including the EULAR SS Patient Reported Index (ESSPRI) score at the date of the neurocognitive evaluation are needed.
In summary, cognitive complaints have to be explored in pSS with PSFN to improve the medical and daily life management. Nevertheless, our first preliminary results showed that chronic pain in pSS needs to be looked after because of its relation with executive disorder, the most important cognitive impairment in pSS that might have the most clear cut impact in professional and daily life.
